moderate or large earthquake, there is little or no evidence to suggest a buildup of small earthquakes in the days and weeks prior to the main shock [Richter, 1955a; Allen, 1971; McEvilly et al., 1967] . Richter has observed, however, that 'In 28 years of seismograph recording from 1929 through 1956 there was only one earthquake in southern California of magnitude 5, or over, which was not preceded by others from the same or an adjacent epicenter, although weeks or months might intervene between the last previous shock and the large one [Richter, 1958, p. 67] . ' We have examined the seismicity data for some regions in which moderate earthquakes have occurred in California, for which adequate instrumental capability existed prior to the main shock, in order to determine the nature and distribution of the small earthquakes, if any, that occurred in the months and years preceding the main shock. Similar work has been done in Japan by Mogi [1968b Mogi [ , 1969 and in the Soviet Union by Keylis-Borok and Malinovskaya [1964] and Fedotov [1968] .
ME?HOD
To study the seismicity of regions of California in which moderate earthquakes have occurred and for which an adequate instrumental capability existed prior to the earthquakes, we examined the published bulletins (and some as yet unpublished data) from the Seismological Laboratory, California Institute of Technology (Caltech), and from the Seismographic Stations, University of California, Berkeley (UCB), for the period since 1962. In addition we examined the Caltech data for the twenty years prior to the 1952 Kern County earthquake. Both seismograph networks operated by these two institutions are regional in nature, and both grew significantly during the 1960'•. Both groups attempt to make their lists of earthquakes substantially complete above magnitude 3, with many smaller earthquakes located as well. Under favorable circumstances the accuracy of epicenter location is probably within a few kilometers; under unfavorable circumstances the error is doubtless somewhat larger.
To make a truly convincing case that small and microearthquake activity is premonitory to a moderate or large earthquake, it would be desirable to establish a mechanistic relation-
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ship--for example, between the focal mechanisms and source parameters of the preceding small earthquakes and those of the main shock. Unfortunately, the data available offer only a crude suggestion of a spatial relationship; description of a causal relationship must await further studies.
To compare the pattern of seismicity prior to the main shock with the rupture surface or surfaces, we have characterized the main shock by its zone of aftershock activity, as has been done by Fedotov [1965] , Mogi [1968a] , and Sykes [1971] . This characterization has two qualities to recommend it. First, the zone of aftershocks seems to be a good approximation of the area of slip during the main event. Second, if the earthquakes used to define the aftershock zone have been located in the same way as those preceding the main shock, the definition [Richter, 1955a] show that the activity within about 15 km of the epicenter was substantially higher than activity in most of the surrounding region (see Figure  2) . In particular, the activity in the vicinity of the epicenter was very much greater than the activity along either the San Andreas or Garlock faults, both of which were very active in Quaternary time. The region of the SaN Andreas fault south an.d west of the White Wolf fault was the site of a great earthquake in 1857, with ground breakage that extended for 250 km or more [Richter, 1958] . Of particular interest in the 1952 earthquake is that, although the region of the aftershock zone containing the epicenter of the main shock, and presumably the initiation of rupture, was relatively active before the main shock, the opposite end of the aftershock zone was relatively quiet. The aftershocks were concentrated at opposite ends of the zone. (Figure 3d) . Relocation of the epicenters of the September 7, 1967, earthquake and the main shock by using the station corrections of Lee et al. [1972a] indicates that the epicenters of these two events were less than 2 km apart and that they both occurred at depths between 10 and 12 km. No surface breakage or aftershocks were observed after the December 18 earthquake, and therefore no convenient estimate of the rupture surface is available, but a source dimension of a few kilometers can be inferred from the moment calculated for the earthquake by Wyss and Brune [1971] and from the magnitude by using scaling arguments [Dieterich, 1973] . Cholame and therefore that the apparent clustering to the north of the epicenter of the main shock is significant. In other words, the activity just north of the epicenter was significantly greater than that either in the aftershock zone to the south or along the fault farther north in the 6 months prior to the main The regional observations presented here have potential implications for the analysis of seismic risk. Moderate earthquakes in California seem to occur along segments of fault zones characterized by a relatively high level of activity. This seismicity is high relative to cent faults or segments of fault zones, which, on the basis of geologic criteria for recency of displacement, would be considered equally likely to be the locations of moderate earthquakes.
The problem arises, however, of a great earthquake, the hypocenter of which is along an active segment of a fault, but which ruptures into an adjacent quiescent segment, as suggested by Weertman [1971] . Until the circumstances leading to great earthquakes are better understood and capable of measurement, the usefulness of an analysis of seismic risk for moderate earthquakes is limited.
The detailed observations of the small earthquakes preceding the moderate earthquakes near Bear Valley and the suggested persistence through time of small areas of the fault plane being close to failure offer a potential tool for mapping this property along fault zones.
Many details of the relation between the small earthquakes that precede moderate earthquakes and the moderate earthquakes themselves remain unsolved. However, with the increased density of seismograph stations in California, it is hoped that these questions can be resolved and that the potential uses of this information for the prediction of moderate and larger earthquakes can be realized.
